Sectoral loan concentration is an important factor in bank performance. We develop a measure of sectoral loan concentration and study how community bank performance and the size-performance relationship vary with loan concentration and changes in loan concentration. The size-profitability relationship varies with concentration in the residential real-estate (RRE) sector. Higher RRE concentration is associated with lower returns especially for larger community banks-banks with assets totaling a billion or more. Concentration in other sectors, such as agriculture and commercial real estate (CRE), is significantly associated with risk of bank failure or acquisition. Results for changes in concentration appear to be driven by the boom in CRE. Large positive (negative) changes in CRE concentration are both preceded and followed by large increases (decreases) in overall returns. Banks that switch specializations increase the hazard of failure but decrease the odds of being acquired.
Introduction
How do we measure loan concentration of banks in different sectors? How does loan concentration or changes in loan concentration in a particular sector affect bank performance? Sectoral loan concentration has been an important factor in policy and research discussions since the recent financial crisis. Excessive loan concentration has the potential for greater earnings volatility and, in extreme cases, adverse consequences that threaten a financial institution's health or ability to maintain its core operations (Friend et al., 2013) . In spite of these critical relationships between sectoral loan concentration and bank performance, the literature in this area is relatively sparse. 1 We begin by developing a simple measure of sectoral loan concentration. A common practice of determining bank loan concentration uses ad hoc cutoffs on loan shares in a particular sector.
2 While loan shares can determine a bank's specialization in a given sector, they do not provide a measure of the degree of specialization or loan concentration within the bank. Indeed, to determine the loan concentration among the various sectors within a bank we need not just a measure of its share in a given sector, but also the distribution of loan shares across sectors.
Therefore, as a first step, we examine the distribution of loan shares in each sector and measure the bank-level concentration of loans among all sectors. 3, 4 The bank-level concentration measure is then multiplied by the corresponding loan share to create a sectoral loan concentration measure (LCM). Our approach to developing the LCM is heuristic and it yields a continuous measure on an annual basis.
Using this measure, we examine how bank performance varies with sectoral loan concentration and changes in loan concentration after controlling for a variety of other related
factors. An important factor associated with bank performance is bank size. A large and prominent body of work explores the relationship between size and profitability (a commonly used measure of bank performance). 5 The size-profitability relationship is also influenced by the sectors in which the banks operate. Sectoral differences in returns as well as economies of scale can determine how bank performance is related to size. Some sectors may require banks to grow larger in order to maximize returns while the business model in other sectors may be more amenable to a smaller scale of operations. As a result, sectoral differences in loan concentration can influence the effect of size on performance. While there have been studies exploring the sizeprofitability relationship, there has been little exploration as to how credit concentration might influence bank profitability and its relation to size. We attempt to fill that gap by exploring how bank performance, in general, and the size-performance relationship, in particular, relate to both the level and the change in loan concentration.
We explore how the size-profitability relationship can vary with loan concentration using bank level data on U.S. community banks from 2001 to 2014. Due to their small size, community banks tend to be less diversified than larger banks and typically focus their lending efforts in a few sectors. As a result, the community bank universe involves banks of different sizes with a variety of loan concentrations in different sectors. Moreover, smaller community banks are more likely than larger banks to change their loan concentrations over time. This enables us to account for unobserved heterogeneity at the bank level in studying the associations mentioned above.
Call Report data for community banks allows us to measure concentration in five sectors:
agriculture (AGR), consumer (CON), commercial and industrial (CNI), commercial real estate 5 See Huges and Mester (2008) and Mester (2008) for a survey of this literature.
(CRE) and residential real estate (RRE). Consequently, each bank has five yearly measures of LCMs, one for each sector.
Sectoral loan concentration can also affect broader indicators of bank performance such as survival and failure or acquisition. We distinguish between acquisitions of banks that are performing poorly, and therefore are likely fire sale acquisitions, from all other acquisitions.
Accordingly, we study three categories of bank disappearance: failures, fire sales, and acquisitions and how each end-of-life event is influenced by sectoral loan concentration or changes in loan concentration.
As a first step, we re-examine the size-profitability relationship during 2001-14 that was estimated in Regehr and Sengupta (2016) . In estimating how profitability varies with size, we control for a wide-range of bank-specific and market-specific factors that also affect profitability.
In addition to the large set of controls included in Regehr and Sengupta (2016), we also include the LCMs for each of the five sectors. Using a sample of community banks with less than $10 billion (real 2014 US dollars) in assets, our model of size and profitability predicts how returns vary with size conditional on all other factors that affect profitability. Our results show that profitability is increasing in size but at a diminishing rate. As a result, conditional returns are a concave function of size. The predicted returns (conditional on other factors held at the mean values) are maximized at a bank size of around $2 billion (in real 2014 dollars). We also show that while the relationship was disrupted during the crisis, it remains fairly stable during the non- The results show that the size profitability relationship does vary with bank RRE concentration. Higher RRE concentration is associated with lower returns especially for larger banks-banks around a billion or more in asset size. However, the size profitability relationship does not vary significantly with loan concentration in other sectors. Nevertheless, loan concentration in other sectors does affect the risk of bank failure or acquisition. In particular,
higher CRE concentration increases the risk of bank failure, fire sales, and acquisitions thereby lowering the odds of survival. Conversely, higher CON concentration reduces the risk of bank failure whereas higher AGR concentration reduces the risk of a fire sale. Lastly, higher CNI concentration increases the likelihood of being acquired. This result suggests that acquirers are more likely to target those banks that have built up expertize in lending to small businesses.
We also study how bank performance varies with changes in the LCMs. Given that the LCMs vary annually, we distinguish between two types of changes in the LCM. The first type of change involves "large jumps" in our LCM measure (at least greater than two standard deviations) within 1-2 years. The second type of change involves a "switch" in specialization for banks that change their loan concentration from one sector to another. This type of change is determined by ranking sectors within the bank using the LCM. It allows us to determine how rapid switches in loan concentration from one sector to another affect bank performance.
We find that, during the sample period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , the effects of changes in concentration are largely driven by the boom-bust cycle in CRE lending. Large increases in CRE concentration are associated with significant increases in overall returns in the preceding years and significant increases in returns in the years following the change. The converse is true for large decreases in CRE concentration: significant decreases in returns associated with large declines in CRE LCMs in the preceding and following 1-2 years. The results are suggestive of herding behavior by banks during the 2000s boom-bust cycle in CRE. They also lend support to similar evidence on high concentration CRE banks outperforming their lower concentration peers (Lopez, 2009; Pana, 2010) . Importantly, we did not find similar evidence of large changes in returns associated with large jumps in concentration for the other 4 sectors. It is also important to emphasize that the change in returns observed here is aggregated over all sectors for the bank-data on sectoral returns is not available. Still, the significantly large changes in returns preceding and following large changes in CRE points to strong selection effects in concentration choice and changes in concentration. Therefore, the results in this paper are predictive and not causal.
A final result here relates to banks that switches specialization. We define a bank that switches concentration as a bank where the sector ranked third, fourth, or fifth in terms of the LCM switches to being the top ranked sector within 3 years. Our estimation results show that banks that switch specializations increase the risk of failure but lower the risk of acquisitions in fire sales or otherwise. This result suggests that acquirers in the industry tend to avoid banks that switch specializations, even at fire sale prices.
Section 2 presents a brief review of the literature that is related to this paper. The data and the development of the LCMs are explained in Section 3. Section 4 first derives the sizeprofitability relationship and then estimates how this relationship varies with the LCMs. Section 5 describes how bank failures, fire-sales and acquisitions vary with LCMs. Section 6 examines how returns change with changes in LCM and section 7 studies how switching loan concentrations can affect the risk of bank survival. Section 8 concludes.
Literature Review
The first strand of literature that this paper relates to includes studies on sector concentration. Studies on loan concentration in bank portfolios have gained importance from a risk perspective (Gordy, 2003; Gordy and Lutkebohmert, 2006; Duellman and Masschelein, 2006) . Sector concentration risk arises when a bank's portfolio is unbalanced in exposures to certain sectors which enhance the risk of bank failures (see BCBS, 2006 for a survey and references therein). This paper presents a new measure of loan concentration, namely the LCM, and assesses how bank performance (broadly defined here to include survival and failure) varies with the LCM. Unlike the model-based approaches in this literature, which require a significant level of granularity in the data for implementation, ours is a more heuristic approach tailored largely to the data available in U.S. Call Reports.
The paper also contributes to a second strand of literature on bank size and profitability.
A large body of work contributes to this literature on issues related to bank size, productivity, and economies of scale (Huges and Mester, 2008; Mester, 2008) . Prior analysis has examined how technological and competitive changes in the banking industry impacted bank performance in the late 1990s and early 2000s. For example, Berger and Mester (2003) use structural approaches to estimate bank cost and profit functions. The financial crisis prompted a reassessment of the size-profitability relationship for large banks and the too-big-to fail problem using non-parametric techniques (Wheelock and Wilson, 2009; 2012) as well as for smaller community and regional banks using simpler reduced-form estimation (Regehr and Sengupta, 2016) . However, to the best of our knowledge, there is no study that examines how the size profitability relationship varies with loan concentration. Our results suggest that the sizeprofitability model is significantly different for banks with higher RRE concentration relative to other community banks-banks that are diversified or concentrated in other sectors (low RRE concentration).
This paper also belongs to a third strand of literature that examines bank lending behavior during our sample period, 2001-14. As mentioned earlier, the period of study was dominated by a boom-bust cycle in CRE lending that affected bank performance over this period (Friend et al., 2013) . CRE loans began to account for larger share of bank loans in the early 2000s and that led to widespread bank failures during and after the financial crisis. Basset and Marsh (2016) examine how regulatory guidance on banks with higher CRE concentration affected loan growth in CRE and other sectors following this guidance. In a similar vein, De Young et al., (2015) examine CNI lending to test whether US banks rationed credit to small business in the aftermath of the financial crisis. Both studies examine how shocks "exogenous" to individual sectors affect loan growth in other sectors. In contrast, we examine how bank performance varies with concentration. While sector-specific exogeneity may satisfy the exclusion restriction for lending to other sectors (as illustrated in the studies mentioned above), it is difficult to satisfy the exclusion restriction in studies such as this one, where bank performance is the dependent variable. Consequently, our empirical exercise is limited to a predictive analysis and not a causal one.
The results in our study do find support in related studies on CRE lending for the same time period. For example, our results on CRE concentration find support in Friend et al., (2013) who also find that failures were significantly higher for banks with high CRE concentration.
Moreover, Lopez (2007) and Pana (2010) find that banks with higher CRE concentration tended to have better performing CRE portfolios than their less concentrated peers. This is consistent with our results that large positive changes in CRE concentration during this period were preceded and followed by significant increases in returns.
Measuring Loan Concentration
This section describes the heuristic approach with which we develop our loan concentration measure. Our aim is to provide a simple measure of sectoral loan concentration that examines the degree of specialization in the particular sector for the given year. While loan shares can determine a bank's specialization in a given sector, they do not provide a measure of the degree of specialization or loan concentration within the bank. In other words, they cannot tell us the extent to which a bank focuses in one particular sector, for example CRE, relative to others. On the other hand, concentration measures, computed using the entire sectoral loan distribution within the bank such as HHI or the concentration ratio, are bank level measures and do not yield a measure of concentration for a particular sector. Therefore, we need a measure of sectoral loan concentration that allows us to compare loan concentrations of different banks on an annual basis.
We adopt a data-driven approach to developing the LCM. We use bank-level data on Most community banks in our sample focus their lending in one or two sectors-one of which is typically CRE or RRE. As a result, the distribution of bank loans as a share of total assets for each sector tends to be right-skewed as shown in Figure 1 . Details of each loan share distribution are also provided in Panel A of Table 2 . At the 25th percentile of the distribution, loan shares in all sectors are less than 10 percent of assets. For some sectors such as AGR, CNI and CON loans shares are less than 10 percent even at the median of the distribution. Therefore, while the loan share distribution is right-skewed for all sectors, the skewness is significantly greater for AGR, CNI and CON than for CRE or RRE.
Next, we compute bank-level concentration measures using sectoral loan distribution within the bank. A commonly used measure of concentration is the Herfindahl-Hirschman Index (HHI). The HHI is typically used as measure of market or geographical concentration and is calculated as the sum of squared market shares (of loans or deposits) in a local banking market.
We deploy this measure to determine sectoral loan concentration within a bank. Let be bank i's share in sector j where j = AGR, CNI, CON, CRE and RRE, the 5 sectors for which the Call Report provides loan data. Loan HHI is the sum of squares of loan shares across different sectors within a bank
The distribution of Loan HHI and loan shares for each of the 5 sectors are plotted in Table 2 along with the distribution of Loan HHI measure. Evidently, the distributions of the LCM measures are significantly more skewed than that of the loan share measures.
Loan Concentration and the Size-Profitability Relationship
In this section, we discuss how the size profitability relationship of community banks can vary with loan concentration. For loan concentration, we use the LCM measure derived above.
For the size profitability relationship, we follow closely the measured association between bank asset size and its return on assets in Regher and Sengupta (2016).
The Size-Profitability Relationship
Using bank-level data during 2001 -2014 , Regher and Sengupta (2016 observe that returns increase with asset size but at a diminishing rate. The estimated association between size and profitability accounts for bank specific and market specific factors that also affect bank profitability. As a result, conditional profitability increases up to a threshold asset size, beyond which the returns diminish. While the estimated association has been attributed to economies of scale for small community banks, not much is known about to how this association may vary with bank specialization or loan concentration. As stated earlier, the wide variety of loan concentrations among small community banks makes it amenable to this study.
As a first step, we estimate the size-profitability in Regehr and Sengupta (2016) with two changes to their model. First, as has been mentioned before, we include small community banks with less than $10 billion in asset size. 6 Second, in addition to the controls included in Regehr and Sengupta (2016), we include the LCMs as controls that account for variations in profitability. [2010] [2011] [2012] [2013] [2014] . Both models include the size variables interacted with period dummies. In addition to the LCMs, the base model (1) includes size, size 2 , and other financial controls such as the loan-to-asset ratio, securities-to-asset ratio, and the core deposit-to-total deposit ratio. Model (2) adds the bankspecific and market-specific controls to those in model (1). For a full list of bank and market specific control variables, see Table 1 .
The results in Table 3 are similar to those in Regehr and Sengupta (2016) . The positive coefficient on the size variable and the negative coefficient on the size 2 variable establish a concave size-return relationship in which returns are increasing with size at a decreasing rate.
The crisis and size interaction terms are statistically significant but the post-crisis and size 6 Regehr and Sengupta (2016) used a $100 billion size threshold. The rationale behind focusing exclusively on community banks is that they tend to be more diversified in terms of their sectoral loan distribution.
interaction terms are not. Therefore, the estimated size-profitability relationship changed significantly over the crisis years but is not significantly different over the pre and post-crisis expansions.
The estimated size profitability relationship shown in Table 3 is illustrated in terms of While the crisis lowers the profitability of all banks, its effect is greater for larger community banks. This lowers the size at which returns are maximized. Since the interaction terms for size and the post-crisis period are not significant, we conclude that the size-profitability relationship remains unaltered in the post-crisis period. We conclude that the crisis was a disruptive period that needs to be accounted for in determining the equilibrium relationship between bank size and profitability,
The size-profitability relationship derived above is used to determine whether this relationship varies with loan concentration. In this regard, it is important to account for the anomalous behavior of the size-profitability relationship during the crisis period. Therefore, in subsequent regressions size is always interacted with period dummies to net out the effect of the crisis period.
Does the Size-Profitability relationship vary with LCM?
Call report data does not provide us bank returns disaggregated by sector. As a result, the data poses some limitations in determining the association of loan concentration with the size-profitability relationship. Nevertheless, the empirical methodology adopted here is fairly simple:
We interact each of the LCMs with the size variables in determining whether the size profitability relationship varies with loan concentration. We study three such interactions. The first is a partial interaction model where, in addition to model (2) of Table 3 , we include the size and LCM interaction terms. The second is another partial interaction model where we combine size, LCM and period dummy interactions. In this model, only the bank specific and market specific explanatory variables are not interacted. The final model is a fully interacted regression where the size, bank specific, and market specific variables are interacted with each of the LCMs and the period dummy variables.
Our results suggest that the size-profitability model is significantly different for banks with higher RRE concentration relative to other community banks-banks that are diversified or concentrated in other sectors (low RRE concentration). However, the size profitability relationship does not vary significantly with loan concentration in other sectors. Table 4 presents the estimated coefficients for the partial and fully interacted models. The estimates for CRE (columns 1-3) do not show any statistically significant association between concentration and the size-profitability relationship. On the other hand, the estimates for RRE (columns 4-6) show a statistically significant relationship between concentration and the sizeprofitability relationship. The size-RRE concentration interaction terms are statistically significant at the 1% or 5% levels. They also have similar sign and magnitude across the 3 different specifications in Table 4 .
Given the multitude of interaction terms in each model, we use graphical techniques to illustrate how the size-concentration relationship varies with RRE concentration. Figure 6 illustrates how RRE concentration alters the size-profitability relationship. Using standard model selection techniques, the fully interacted model is chosen over the partially interacted models in Table 4 for the purposes of illustration. 7 The LCM values for RRE concentration is 0.9 at the 25 th percentile and 3.6 at the 75 th percentile. 8 The dotted line in Figure 6 shows size profitability relationship with RRE concentration at the 25 th percentile. The bold line in Figure 6 shows size profitability relationship with RRE concentration at the 75 th percentile. Conditional returns with a 75 percent RRE concentration are maximized at a size of $1.3 billion while those with a 25 percent RRE concentration are maximized at a size of $1.8 billion.
The graph illustrates how the size profitability relationship changes with RRE concentration. For smaller community banks, there is no difference in the size profitability relationship between high RRE and low RRE concentration banks. But higher RRE concentration is associated with lower returns for larger community banks, especially those around and over a billion dollars in asset size.
Given that our sample period includes the financial crisis, lower returns at higher concentration is not unanticipated. In fact, with higher CRE concentration, our model yields a lower return for community banks of all sizes. Given that the residential sector also performed poorly during the financial crisis, a lower return with greater RRE concentration is to be expected. What is unanticipated, therefore, is that smaller community banks with higher RRE concentration performed no less poorly than those with lower RRE concentration.
There are several reasons as to why smaller community banks with high RRE concentration did not perform as poorly. One possible explanation here is that smaller community banks operate under a different business model than larger community banks because they retain most of their mortgage loans (Office of the Comptroller of Currency, 2015).
Therefore, it is likely that smaller community banks with high RRE concentration had better underwriting on retained mortgages and/or were successful in renegotiating their loans during the crisis. To the extent that larger community banks with high RRE concentration were involved in the "originate-to-distribute" channels, renegotiation would be significantly more costlier, and in some extreme cases, prohibitive. 9 Another factor here is that larger community banks are more likely operate in urban areas where the decline in real estate prices were severe compared to smaller community banks that are more likely operating in areas where the downturn in real estate prices is relatively modest. Clearly, more research is needed to understand the relatively better performance of smaller community banks with high RRE concentration.
The result on how the size profitability relationship changes with RRE concentration is robust to different specifications. The results in Table 4 were replicated using dummy variables for the crisis period only and dummy variables for each year. In other specifications, we also excluded the concentration variables that were not interacted with the size variables as controls.
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Finally, we decomposed the asset size variable into the different loan components, one for each sector, and regressed returns on the size and size 2 of each sector. The results are shown in Table   A .1 in the Appendix. Here too, overall returns are estimated as a concave function the size of the RRE sector in each bank. This lends support to the earlier result that the size-profitability relationship varies significantly with the size of the RRE sector, and thereby, the concentration of RRE within the bank.
9 Bassett and Driscoll (2015) show that banks of asset size between $1 billion and $10 billion are an important part of the "originate-to-distribute" model and have profited from the same since 2007. However, they are unable to examine the status of the business model for small community banks and for large community banks before 2007 because of data limitations. 10 These results are available upon request.
Loan Concentration, Bank Failures, Fire Sales and Acquisitions.
We take a broader approach to determining bank performance by including the survival of the bank as a going concern. Accordingly, in studying the association between sectoral loan concentration and bank performance, we examine how concentration affects bank survival, and conversely, bank "death". Such end-of-life scenarios for a bank include bank failure or an acquisition. We define an acquisition as the purchase of one bank by another bank, without the purchase being arranged by the FDIC, with the charter of the purchased bank being discontinued, and that of the purchasing bank continuing to exist.
Our data on bank failures and acquisitions come from the National Information Center (NIC) database, which is maintained by the Federal Reserve System. The data include information on failures and acquisitions, the banks involved, and the date of event. While all failures are the result of poor performance, all acquisitions are not. Accordingly, we distinguish between acquisitions of poorly performing banks, which we shall term "fire sales", from all other acquisitions. A bank is defined to be poorly performing prior to acquisition if (1) it had negative ROAA in the last year prior to acquisition or (2) if it had negative ROAA in any of its last 3 years and its ROAA for each of the last 3 years was below the 10 th percentile. All such acquisitions are termed as fire sales in our sample. Therefore, we consider 3 end-of-life events for banks in our sample: bank failures, acquisitions, and acquisitions of poorly performing banks or fire sales.
We wish to examine the hazard, or risk, of banks disappearing due either to acquisition, fire sales, or to failure. We assume that the causal processes for acquisitions, fire sales, and
failures are different. We analyze the disappearance of banks using Cox (1972) proportional hazard models using the same determinants as in our returns regressions. In modelling the failure hazard, acquired banks are treated as censored at the date of acquisition; in modelling the acquisition hazard, banks that failed are treated as censored at the failure date. This approach assumes that censoring does not provide any information about latent failure times beyond that available in the covariates.
The results of the hazard model estimation showing the estimated hazard ratios are reported in Table 5 . A hazard ratio greater than 1 indicates that the increase in the explanatory variable is associated with an increase in the failure or acquisition hazard; the converse is true for a hazard ratio that is less than 1. Higher CRE concentration raises the risk of failures (models 1-3), fire sales (models 4-6) and acquisitions (models 7-9), thereby lowering the odds of survival.
In particular, the increase in the hazard of failure (between 2.3 to 3.3 percent) is marginally greater than the increase in the hazard of acquisition (between 1.4 to 2.2 percent). Higher CON concentration reduces the odds of bank failure whereas higher AGR concentration reduces the odds of a fire sale. If poorly performing AGR banks are remotely located, there may be a difficulty in finding willing buyers even at fire sale prices. At the same time, higher CNI concentration raises the risk of being acquired. This result suggests that acquirers are more likely to target those banks that have built up expertize in lending to small businesses.
The hazard ratios on the control variables are also along expected lines. For example, increases in local unemployment rate increases the hazard of failures (models 2-3) but lowers the hazard of acquisitions (models 8-9). Higher funding share from core deposits raises the hazard of acquisitions but lowers the hazard of failures. The hazard of acquisitions, even in fire sales (model 6), is significantly lower for Subchapter S banks.
In addition to the results presented in Table 5 , we run two sets of regressions to check the robustness of our results. The first set of regressions is a dynamic probit with each end-of-life event treated as the binary variable that takes the value one in the year when the event occurs and zero otherwise. The estimates of this regression in presented in Table A .2 in the appendix. The results in Table A .2 are qualitatively similar to those in Table 5 . A bank's operational or managerial efficiency is arguably an important determinant of bank disappearance (Wheelock and Wilson, 2000) . We include the lagged efficiency ratio, the ratio of non-interest expenses to total assets and a proxy for operational efficiency, as an explanatory variable in all our regressions in Table 5 . These results of this second set of regressions are similar to those in Table   5 and presented in Table A .3 in the appendix.
Changes in Loan Concentration: Large Jumps in Concentration
After studying how bank performance varies with loan concentration in the previous two sections, we examine how performance varies with changes in loan concentration in this section and the next. Changes in sectorwise LCMs are calculated on an annual basis for each bank. We distinguish between two types of changes that might affect bank performance. The first occurs if there are significantly large changes in terms of our concentration measure over a short period of time. The second occurs when changes in concentration are accompanied by a switch in specialization within a short period of time. In this section, we discuss changes in performance associated with the first type of change. The second type of change is discussed in Section 7.
We consider 1-year and 2-year changes of the first type that are significantly large. A 1-year change in concentration is significantly large if it is greater than 2 standard deviations of the LCM for that sector. A 2-year change in concentration is significantly large if it is greater than 3 standard deviations of the LCM for that sector. We study how bank performance varies with large 1-year changes and large 2-year changes in each sector. Table 6 shows the distribution of large 1-year and 2-year changes in LCMs for banks during the pre-crisis expansion, crisis and the post-crisis expansion. It is not surprising to find a relatively high number of large 1-year and 2-year changes in CRE and RRE LCMs during precrisis expansion. Another notable feature is the high number of negative changes in CNI LCMs during this period. We also find a relatively high number of large negative changes in the CRE LCM during the crisis and post-crisis periods. Going forward, we view these changes as "events"
and study the behavior of bank performance before and after the "event." We treat positive and negative changes in LCM as different events.
To determine how bank performance varies with significantly large changes in the LCM, we estimate the following fixed effects regression:
The three subscripts , , and refer to bank , sector and year . where banks raised their CRE loan shares following an increase in returns. These associations hold for both for large positive 1-year and 2-year changes in the LCM for CRE. However, the estimates for changes in the LCM for RRE are not statistically significant. The same holds true for the other 3 sectors, whose results are not shown here but available upon request. Table 8 shows the estimates for 1 and 2 for large negative 1-year and 2-year changes in CRE and RRE. Again, the estimates show that large negative changes in CRE concentration are preceded by significant decreases in overall ROAA and are followed by significantly large decreases in returns. On an index of 1 to 100, an increase in the LCM for CRE by 1 point is associated with statistically significant decreases in returns by around 62-97 basis points preceding the change but even larger decreases of 1.0-1.7 percentage points in returns following the change. We believe this result is driven by the bust years in CRE as banks withdrew from the CRE market following large losses but were unable to stem the losses despite reducing CRE concentration. These associations hold for both for large negative 1-year and 2-year changes in the LCM for CRE. Again, the estimates for changes in the LCM for RRE (and other 3 sectors)
are not statistically significant. 11 In summary, the variance in bank performance preceding and following large changes in sectoral concentration has been largely driven by the loans in the CRE market. Indeed, they are suggestive of herding behavior by banks during the boom-bust years in CRE.
Changes in Concentration: Switching Specialization
In this section, we study changes of the second type as discussed above, namely, a switch in bank specialization. Loosely defined, a bank is viewed as specializing in the sector in which it has the highest loan concentration (LCM). Two considerations are important here. First, a switch in concentration is viewed as a change in the "business model" of the bank. In our framework, we treat each of the 5 sectors as independent. In this sense, all switches in specialization are similar and independent of the sectors involved in the switch. Second, banks can specialize in more than one sector. So, before we define a switch in specialization, we need to determine the number of specializations for a bank.
To determine the number of specializations, we first we rank the 5 sectors for each bank by LCMs as
where ( ) is the LCM of the -th ranked sector for the bank in year . Given that bank in year has the same ℎ , this is equivalent to ranking the sectors by loan shares, . We define the difference in LCMs between the top ranked sector with the -th ranked sector to be
The highest standard deviation of the LCM measures in our sample is 0.16 for CRE. If ∆ ≥ 0.16, then we define ( − 1) as the number of specializations for bank in year .
Therefore, a bank with LCMs of 0.33, 0.25, 0.18, 0.12 and 0.05 has 3 specializations.
Using this methodology, we select banks with only 1 or 2 specializations in year . We determine that a "switch" has occurred if a sector ranked 3 rd , 4 th or 5 th in year emerges as the top ranked sector at any time in years + 1, + 2 or + 3. A bank for which this switch has occurred (after the first 3 years of its existence) is denoted as a bank that has switched concentration. We define a dummy variable switch that equals one for all banks that switch concentration and zero otherwise. There are 304 banks in our sample that switch concentration.
How does switching concentration affect bank survival? We repeat the survival analysis in section 5 with the switch dummy variable as one of the covariates. The results of the hazard estimation are presented in Table 9 . It is important to point out that for all other variables, the results remain similar to those obtained in Table 5 . The focus of our attention is the estimated coefficients on the variable switch in Table 9 . Clearly, switching concentration raises the risk of failure (columns 1-3) but reduces the risk of being acquired. In all cases, the associations are fairly large and statistically significant. For example, switching is estimated to increase the hazard of failure by around 40-46 percent while reducing the hazards of fire sales and acquisitions by 32-36 percent and 35-36 percent, respectively.
Thus, switching concentrations leads to poorer performance in terms of higher risk of failure. It makes the bank less attractive as acquirers tend to avoid switching banks. This would suggest that switching concentration can lead to poorer performance, and worse still, a loss of charter value for the bank. Most of the switches in our sample have been from other sectors into CRE. Banks entering to CRE during the boom performed poorly in the subsequent downturn.
Therefore, we believe that these results are influenced by the CRE boom-bust cycle.
We repeat the robustness exercise in section 5 for the results in section 7 as well. As in section 5, we run two sets of regressions to check the robustness of our results. The first set of regressions is a dynamic probit with each end-of-life event treated as the binary variable that takes the value one in the year when the event occurs and zero otherwise. The estimates of this regression in presented in Table A .4 in the appendix. Again, the results in Table A .4 are qualitatively similar to those in Table 9 . Next, we run the set of regressions similar to Table A.3 including the lagged efficiency ratio as an explanatory variable in all our regressions in Table 9 .
The results of this second set of regressions are also similar to those in Table 9 and presented in Table A .5 in the appendix. To summarize, switching concentrations raises the risk of unfavorable outcomes like failure but also lowers the odds of being acquired as a target.
Conclusion
The paper develops a simple measure of sectoral loan concentration for US community banks. Our study on sectoral loan concentration raises important questions on the use of ad hoc cutoffs in determining bank concentrations in a particular sector. Instead, the distribution of loan shares and loan concentrations lead us to conclude that continuous measures of concentration, such as the one developed here, may be preferable.
We find that the size profitability relationship among community banks varies with RRE concentration. Greater RRE concentration is associated with lower returns, especially for larger community banks above the billion-dollar size and this result is fairly robust to different specifications. While loan concentration in other sectors does not affect the size profitability relationship, they do affect the risk of bank survival. Using the loan concentration measure developed here, we find that higher CRE concentration raises the risk of failures, fire sales and acquisitions, thereby lowering the odds of survival. In contrast, higher CON concentration lowers the odds of failure while higher AGR concentration reduces the odds of a fire sale.
We also examine how bank performance varies with changes in concentration. We find that the results for changes in concentration are driven largely by the boom and bust in the CRE market during our sample period. Large positive (negative) changes in CRE concentration are preceded by large increases (decreases) and followed by large increases (decreases) in overall returns. These results are suggestive of herding on the part of banks into and out of the CRE sector during the boom-bust cycle. Our results also show that banks that switch specialization increase the hazard of failure but decrease the odds of being acquired. Here too, activity during the CRE boom bust cycle may be driving the results with banks that switched concentration during the boom raising the odds of failure. Annual net income divided by average total assets over the year. For S-Corp banks net income is adjusted to account for differences in tax treatment.
Bank-Specific Controls

Size
Natural logarithm of real assets measured in 2014 dollars.
Risk
Volatility of bank earnings measured by the standard deviation of quarterly ROAA for prior three years.
Loan to asset ratio Total loans divided by total assets Security to asset ratio Total securities divided by total assets Core deposit to deposit ratio:
Sum of transactions accounts, money market deposit accounts, time deposits of less than $100,000, and other non-transaction savings deposits divided by total deposits.
S-Corp bank
Bank that has elected to be taxed under subchapter S of the tax code
Single-market bank Bank that has at least 99 percent of its deposits in a single market.
Rural bank
Bank that has at least 90 percent of its deposits in counties located outside of metropolitan or micropolitan statistical areas (1)- (3)), for fire sales (models (4)- (6)), and acquisitions (models (7)- (9)).
Market Specific Controls
(1) (2) (3) (4) (5) (6) (7) (8) (1)- (3)), for fire sales (models (4)- (6)), and acquisitions (models (7)- (9)).
(1) Results show the estimates from a dynamic probit model where the binary dependent variable equals for the year in which the bank failed (models (1)-(3)), was acquired in a fire sale (models (4)-(6)), or was acquired, but not in a fire sale (models (7)- (9)).
(1) 1)-(3) ), for fire sales (models (4)-(6)), and acquisitions (models (7)- (9)).
(1) (2) (3) (4) (5) (6) (7) (8) 
4: Survival Status and Banks that Switch Concentration (Dynamic Probit)
Results show the estimates from a dynamic probit model where the binary dependent variable equals for the year in which the bank failed (models (1) -(3) ), was acquired in a fire sale (models (4)-(6)), or was acquired (models (7)- (9) 1)-(3) ), for fire sales (models (4)- (6)), and acquisitions (models (7)- (9)).
(1) (2) (3) (4) (5) (6) (7) (8) (9) failed failed failed fire sale fire sale fire sale acquired acquired acquired
